The implementation of widespread unselected screening for Neisseria gonorrhoeae in England, using nucleic acid amplification tests (NAATs), has raised concerns regarding the potential increase in misdiagnoses. To increase the positive predictive value, confirmatory testing of positive specimens has been recommended; however, in practice this can be difficult to perform. This study examined the role of two different testing strategies for confirming the N. gonorrhoeae status of specimens that had been examined by the ProbeTec Strand Displacement Amplification (SDA) assay (Becton Dickinson). A total of 227 residual clinical specimens in SDA assay collection tubes were sent for confirmatory testing using two different testing approaches: (i) examination using two in-house real-time PCR assays (opa and porA pseudogene) and (ii) examination using the APTIMA Combo 2 (AC2) assay and the APTIMA Monospecific N. gonorrhoeae (AGC) tests (Gen-Probe). Of the 113 SDA-positive specimens (including low positives) examined, 93 % were confirmed as N. gonorrhoeae-positive using either one or both real-time PCR assays. In contrast, only 34 % were confirmed using the AC2 and/or the AGC assays. All 114 SDA-negative specimens were confirmed as negative using all four confirmatory tests. Clearly the AC2 and AGC assays cannot reliably be used to confirm residual specimens in SDA assay transportation buffers, due to the incompatibility of different platform chemistries. Although high rates of confirmation (93 %) can be achieved when examining residual SDA assay specimens using independent real-time PCR assays, establishing well-validated in-house real-time PCR assays for diagnostic use is a large undertaking for many primary laboratories and so such tests may be better confined to specialist laboratory services.
INTRODUCTION
An increasing number of laboratories in England and Wales are using dual nucleic acid amplification tests (NAATs) for the combined detection of both chlamydia and Neisseria gonorrhoeae infections (Benzie et al., 2010) . N. gonorrhoeae NAATs offer a number of advantages over traditional culture methods, including improved patient flow, faster turnaround times and non-invasive sampling. However, the N. gonorrhoeae component of some of the commercially available NAAT platforms has been shown to cross-react with other members of the Neisseria genus (Palmer et al., 2003) . The reduced specificity of some N. gonorrhoeae NAATs combined with their application in low prevalence populations has raised concerns about patients being misdiagnosed with gonorrhoea (Ison, 2006) .
The positive predictive value of N. gonorrhoeae NAATs can be increased by the introduction of a secondary confirmatory assay which targets a different genetic sequence, and this approach is recommended in low prevalence settings by both the Health Protection Agency and Health Protection Scotland (Whiley et al., 2006; Health Protection Agency, 2010; Dave & Eastaway, 2007) . However, the implementation of confirmatory testing, in reality, can be difficult to achieve because most platforms do not have a second N. gonorrhoeae target (only the Gen-Probe APTIMA TMA test has this capability). There are currently only a limited number of studies examining the compatibility of the collection buffers between the different dual NAAT platforms, which means that even in laboratories which have access to two different N. gonorrhoeae NAAT testing platforms, supplementary testing may still be difficult.
This study sets out to examine the role of two different testing strategies for confirming the N. gonorrhoeae status of specimens that had been examined by the ProbeTec Strand Displacement Amplification (SDA) assay (Becton Dickinson).
METHODS

Specimens.
A total of 227 urine specimens which had been determined to be N. gonorrhoeae-positive (113) and N. gonorrhoeaenegative (114) using the SDA assay at the local primary laboratory were included in this study. Urine specimens were sourced from patients attending genito-urinary medicine clinics, and following testing at the local laboratory the residual clinical specimens in SDA assay collection tubes were sent to the Sexually Transmitted Bacteria Reference Laboratory for confirmatory N. gonorrhoeae testing. Confirmatory testing was performed using two different approaches: (i) examination using two independent in-house real-time PCR assays targeting the porA pseudogene and the opa gene, respectively; and (ii) examination using the APTIMA Combo 2 (AC2) assay and the APTIMA Monospecific N. gonorrhoeae (AGC) tests (Gen-Probe). For the purpose of this study, any specimen which gave a positive result on a minimum of two of the five N. gonorrhoeae tests employed was regarded as a true positive. Independent real-time PCR confirmatory assays. A DNA extraction was performed from 200 ml of each specimen using the MagNA Pure Compact instrument (Nucleic Acid Isolation kit I) (Roche) according to the manufacturer's instructions. Extracted material was then examined using a slightly modified version of two previously published in-house real-time PCR assays which targeted opa and the porA pseudogene, respectively (Whiley & Sloots, 2005; Tabrizi et al., 2005) .
porA pseudogene real-time PCR. Briefly, PCRs were performed in 25 ml volumes which contained the following: 4 mM MgCl 2 , 1 U Taq DNA polymerase (Applied Biosystems), 5 ml extracted DNA, 250 nM forward and reverse primers and 500 nM probe (Metabion) ( Table 1) (Whiley & Sloots, 2005) . Also included within this PCR were 80 mM primers and probe of a previously described internal control which monitors for inhibition and targets the human RNase P gene (Chen et al., 2007) . PCR samples were run on a Rotor-Gene 6000 (Qiagen) using temperature cycling conditions of 10 min at 95 uC, followed by 40 cycles of 95 uC for 30 s and 60 uC for 60 s.
opa gene real-time PCR. PCR was performed using 20 ml reactions containing 5 ml extracted DNA, 5 mM MgCl 2 , 1 U Taq DNA polymerase (Applied Biosystems), 250 nM forward and reverse primers and 500 nM probe (Table 1) (Tabrizi et al., 2005) . PCRs were run on a Rotor-Gene 6000 instrument using temperature cycling conditions of 10 min at 95 uC, followed by 50 cycles of 95 uC for 15 s and 60 uC for 60 s.
AC2 and AGC tests. Specimens were prepared by transferring 200 ml residual clinical specimen in the SDA assay collection buffer into an APTIMA swab collection tube. The specimens were then tested using both the AC2 and AGC tests according to the manufacturer's instructions.
Ethical considerations. All urine specimens used in this study were collected for primary diagnostic use as part of the patients' routine care. Prior to the confirmatory testing of the residual specimen, all samples were blinded and anonymized.
RESULTS
In this study, 227 residual urine specimens in SDA assay transport buffers were tested at the primary laboratory, and were then forwarded to the Sexually Transmitted Bacteria Reference Laboratory for confirmatory testing using two different approaches. Of the 113 SDA-positive specimens examined, 93 % (105/113) could be confirmed as N. gonorrhoeae-positive using either one or both real-time PCR assays and were therefore regarded as true positive specimens ( 
DISCUSSION
This study set out to examine different approaches for confirming the N. gonorrhoeae status of BD ProbeTec residual clinical specimens. This is of particular relevance as in a recent survey it was highlighted that 61 % of diagnostics laboratories in the UK currently are using this platform and confirmatory testing is required if these laboratories are to comply with national N. gonorrhoeae NAAT guidelines (Benzie et al., 2010; Health Protection Agency, 2010; Dave & Eastaway, 2007) . It was determined that independent in-house real-time PCR assays, combined with appropriate DNA extraction facilities, are suitable confirmation tests for SDA assay specimens as high rates of correlation can be achieved. However, the use of the AC2 and the AGC tests cannot be reliably used to confirm residual urine specimens in SDA assay collection tubes.
The failure of both the AC2 and the AGC tests to confirm the N. gonorrhoeae status of the residual urine specimen is surprising and is probably due to the incompatibility of different platform chemistries. In previous studies, the AC2 assay has been demonstrated to have superior sensitivity and specificity to the SDA test and therefore should be a suitable assay for confirmation (Ota et al., 2009 ). Unfortunately, both the AC2 and AGC assays lack an internal control so it is not possible when using this confirmatory approach to monitor for inhibition, which may be caused by the unavoidable addition of invalidated collection buffers from other manufacturers. The results of this study reinforce the premise that when using N. gonorrhoeae NAATs, both the frontline assay and the laboratory's confirmatory testing strategy should be validated as a single protocol prior to introduction.
At the present time, there is a paucity of studies examining N. gonorrhoeae NAATs confirmatory testing strategies that could be undertaken within a primary diagnosis laboratory.
In a large study conducted by Moncada et al. (2008) , different approaches to N. gonorrhoeae NAATs testing were explored for the three main commercially available N. gonorrhoeae NAATs platforms, including repeat testing, confirmatory testing on an alternative platform and confirmatory testing on a secondary specimen from the same patient. Whilst the study was comprehensive and the protocol complex and as such numerous conclusions were drawn, it was found that the AC2 assay could confirm 85 % of the SDA-positive specimens examined and the authors speculated that optimal NAAT performance may be obtained only with specimens collected in the transport medium designed for each specific NAAT. It is possible that the higher rates of confirmation achieved by Moncada et al. (2008) may be because a smaller volume of residual specimen (100 ml) was added to the AC2 collection tube than in this study (200 ml) or because a different range of specimen types were examined. The larger volume tested and the exclusive use of urine specimens in SDA assay transportation buffer may have led to greater inhibition in our study, which is not possible to monitor. Unfortunately, however, no standardized methodology for reliably confirming specimens between the different commercial NAATs has yet been published.
Another study examining two different strategies for confirming all SDA-positive specimens on the AC2 platform was also explored by Hardwick et al. (2009) . The first approach involved the direct transfer of residual SDA assay transportation buffer into APTIMA collection tubes followed by testing; the second approach involved either (i) taking the original vaginal swab from the SDA assay collection tube and transferring to an APTIMA tube for a fixed period of time or (ii) splitting the original neat urine sample into an APTIMA tube, followed by testing on the AC2 platform. Such approaches yielded confirmation rates of 53.1 % and 97.3 %, respectively. Clearly, from examining data obtained from both the Hardwick et al.
study and indeed this study it can be concluded that it is not reliable to directly transfer the residual material from an SDA assay tube into an APTIMA tube and confirm it on the APTIMA platform. Whilst it may be possible to transfer a clinical swab from the SDA collection tube into the APTIMA tube and retest, such confirmatory testing with urine specimens is clearly impossible using this approach unless the laboratory has direct access to the raw sample.
The application of confirmatory testing when using N. gonorrhoeae NAATS in low prevalence settings has numerous benefits and should raise the positive predictive value of the test and reduce the chance of patients being misdiagnosed with gonorrhoea. However, in practice it can be difficult to achieve, as few laboratories have access to more than one N. gonorrhoeae NAAT testing platform, and, as this study has highlighted, even when laboratories do have access to more than one NAAT, the incompatibility of the different collection buffers makes confirmatory testing problematic. Whilst the application of well-validated inhouse real-time PCRs and robust DNA extraction methods has been demonstrated to be a suitable alternative for confirmatory testing, establishing such tests for diagnostic purposes in all primary laboratories would be a major undertaking. In reality, in-house confirmatory PCR services may be more suitable for larger diagnostics laboratories and/or specialist laboratories where demand for their use is high and quality control can be prioritized.
